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OBJECTIVE — Gestational diabetes mellitus (GDM) is an increasingly prevalent risk factor
for the development of type 2 diabetes in the mother and is responsible for morbidity in the child.
To better identify women at risk of developing GDM we examined sociodemographic correlates
and changes in the prevalence of GDM among all births between 1995 and 2005 in Australia’s
largest state.

RESEARCH DESIGN AND METHODS — A computerized database of all births (n =
056,738) between 1995 and 2005 in New South Wales, Australia, was used in a multivariate
logistic regression that examined the association between sociodemographic characteristics and
the occurrence of GDM.

RESULTS — Between 1995 and 2005, the prevalence of GDM increased by 45%, from 3.0 to
4.4%. Women born in South Asia had the highest adjusted odds ratio (OR) of any region (4.33
[95% CI 4.12-4.55]) relative to women born in Australia. Women living in the three lowest
socioeconomic quartiles had higher adjusted ORs for GDM relative to women in the highest
quartile (1.54 [1.50-1.59], 1.74 [1.69-1.8], and 1.65 [1.60-1.70] for decreasing socioeco-
nomic status quartiles). Increasing age was strongly associated with GDM, with women aged
>40 years having an adjusted OR of 6.13 (95% CI 5.79—-6.49) relative to women in their early
20s. Parity was associated with a small reduced risk. There was no association between smoking
and GDM.

CONCLUSIONS — Maternal age, socioeconomic position, and ethnicity are important
correlates of GDM. Future culturally specific interventions should target prevention of GDM in

these high-risk groups.
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risk of having a stroke or heart attack.
Moreover, diabetes appears to be particu-

ype 2 diabetes affects an estimated
246 million individuals world-

wide—a figure that is predicted to
increase to 380 million by 2025, with a
disproportionate number of affected indi-
viduals living in lower- and middle-
income countries of the Asia-Pacific
region (1). Diabetes is a major cardiovas-
cular risk factor, more than doubling the

larly hazardous in women, as there is a
50% greater risk of dying from coronary
heart disease compared with that of men
with the same condition (2).

Gestational diabetes mellitus (GDM),
defined as glucose intolerance first de-
tected during pregnancy, is a strong pre-
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dictor of type 2 diabetes. Women with
GDM are up to six times more likely to
develop type 2 diabetes than women with
normal glucose tolerance in pregnancy
(3). The incidence of GDM varies among
populations, similar to the variation of
type 2 diabetes, with recent prevalence
estimates ranging from 2.8% of pregnant
women in Washington, DC, to 18.9% in
India and 22% in Sardinia, Italy (4). The
risk for GDM increases with age, and in-
cidence rates vary by ethnicity within a
population, again similar to the risk for
type 2 diabetes (4,5). There is also evi-
dence that obesity, parity, smoking, and
family history are risk factors for GDM
(5). However, less is known regarding
the sociodemographic distribution of
GDM. Given the strong link between
GDM and the subsequent risk of diabetes
for the mother and the perinatal morbid-
ity for mother and child—an association
recently updated with findings of a con-
tinuous association of maternal glucose
levels and adverse perinatal outcomes
by the Hyperglycemia and Adverse Preg-
nancy Outcomes Study Cooperative
Research Group (6)—a better under-
standing of the sociodemographic deter-
minants of GDM may provide novel
opportunities to reduce the incidence and
to prevent the onset of type 2 diabetes in
later life.

Most studies that have examined the
etiology of GDM have been hospital based
or have been based on samples of births in
a particular region (4,5). There are cur-
rently no large, comprehensive popula-
tion-wide urban and rural datasets that
have been collected in an attempt to
examine multiple risk factors for GDM
over a number of years and no popula-
tion-based studies outside the U.S. The
New South Wales (NSW) Midwives Data-
set has information on nearly 1 million
births in the state of NSW during the pe-
riod from 1995 to 2005 in a health system
in which there is almost universal screen-
ing for GDM. This dataset was used to
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study the current and changing popula-
tion rates of GDM and its associated so-
ciodemographic risk factors in a large,
ethnically diverse population of women.

RESEARCH DESIGN AND
METHODS — This study was under-
taken using data from the NSW Depart-
ment of Health Midwives Data Collection
(MDCQC) dataset collected between 1995
and 2005 (inclusive). The dataset records
information collected at all births of >20
weeks’ gestation in NSW by attending
midwives at public and private hospitals
and home births.

Study design and assessment of
GDM

Information on infant’s date of birth, birth
weight, maternal age, maternal country of
origin, number of previous pregnancies of
>20 weeks, maternal postcode, maternal
smoking status (including average num-
ber of cigarettes smoked per day), pres-
ence of previously existing type 1 or type
2 diabetes, and presence of GDM was
available. GDM status was assigned ac-
cording to information recorded on the
NSW MDC form that was collected at the
time of birth. In Australia, the Australa-
sian Diabetes in Pregnancy Society criteria
for the diagnosis of GDM are usually ap-
plied. A 75-g oral glucose tolerance test is
performed, with a fasting plasma glucose
level of >5.5 mmol/l or a 2-h level >8.0
mmol/l being diagnostic for GDM. Most
centers practice universal screening for
GDM with an initial nonfasting 50-g glu-
cose challenge at 2628 weeks. If results
of this test are positive (1-h glucose >7.8
mmol/l) or if there is strong clinical sus-
picion, an oral glucose tolerance test is
performed (7). Maternal country of birth
was categorized into regions according to
the Health Outcomes and Information
Statistical Toolkit, which is a collection of
databases maintained by the Epidemiol-
ogy and Surveillance Branch of the NSW
Department of Health (8). The regions
were as follows: Australia and New Zea-
land, Europe and North America, North-
east and Southeast Asia, South Asia,
Middle East and North Africa, the Pacific,
the rest of Africa, and the Caribbean and
Central and South America. Socioeco-
nomic status was assigned according to
maternal postcode, using the index of
advantage/disadvantage from the Austra-
lian Bureau of Statistics Socio-Economic
Indexes For Areas (SEIFA) (9). Socioeco-
nomic status was categorized into quar-
tiles, ranked from highest to lowest.

Maternal age was categorized as <20,
20-24, 25-29, 30-34, 35-39, and =40
years. The NSW MDC has been validated
by comparison with hospital medical
recordsin 1993 and 1998. In 1993, it was
found that reporting of GDM could be
improved (10) and the MDC form was
subsequently redesigned and first used in
1998. A further validation study was un-
dertaken in 1998, at which time there
were excellent levels of agreement be-
tween MDC data and information ob-
tained directly from medical records
(99%), with high specificity and sensitiv-
ity (11).

Statistical analysis

Variables were compared using Student’s
t test for means and x” tests for propor-
tions between women who had GDM and
the whole population and between those
who had GDM and those who did not
have GDM. Women with identified
preexisting type 1 or type 2 diabetes were
excluded from the analysis. The relation-
ship between each of the potential explan-
atory variables with GDM was tested
using binary logistic regression, and the
odds ratios (ORs) and 95% ClIs were re-
ported. Variables that were significantly
associated with GDM were subsequently
tested in multivariate logistic regression
models. Hosmer-Lemeshow goodness-of
fit tests and residual and influence analy-
ses were performed. The explanatory
variables tested were socioeconomic sta-
tus, maternal age-group, smoking status,
parity, and region of maternal country of
birth. The reference group for each vari-
able was of the highest socioeconomic
status, aged 20—24 years, nonsmoking in
the third trimester, and born in Australia
or New Zealand and had no previous
pregnancies >20 weeks. Analyses were
carried out using SAS (version 9.1; SAS
Institute, Cary, NC).

RESULTS — In the years 1995-2005
there were 957,982 births in NSW.
Women with type 1 or type 2 diabetes
detected before pregnancy (0.47%) and
women with no information on age
(0.4%), smoking status (0.1%), or parity
(0.02%) were excluded from the analysis.
Hence, the analyses were based on
950,747 births. Annual crude and ad-
justed incidences of GDM are shown in
Fig. 1. For each year, women with GDM
were on average older, had a lower prev-
alence of cigarette smoking, and were
more likely to have had a previous preg-
nancy compared with women without
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GDM (P < 0.001). Overall, the age- and
ethnicity-adjusted incidence of GDM in-
creased by 45% from 3.0 to 4.4% between
1995 and 2005 (Fig. 1).

Risk factors for GDM

The associations of different risk factors
with GDM adjusted for all other recorded
risk factors are shown in Table 1. Age was
strongly and positively associated with
risk of GDM and increased with each
successive age-group. Compared with
women aged 20-24 years, women aged
35-39 years had an approximately four
times higher risk of GDM. In women aged
>40 years, the risk of GDM was more
than six times that of those aged 20-24
years.

Region of country of birth, as a proxy
for ethnicity, was associated with an in-
creased risk for GDM for all regions com-
pared with women born in Australia and
New Zealand (Table 1). Women born in
South Asia had the greatest risk, with
odds of developing GDM >4 times
greater than that of those born in Australia
and New Zealand.

Socioeconomic status was inversely
associated with risk of GDM. The risk of
GDM was approximately two-thirds
higher in women living in the lowest so-
cloeconomic postcodes compared with
women in the highest group. The inverse
relationship between socioeconomic sta-
tus and risk of GDM was apparent across
all ethnic groups when data were strati-
fied by maternal region of birth, with
women in the bottom half of SEIFA post-
codes having at least a 30% higher risk of
GDM relative to that for the highest quar-
tile (Fig. 2). Women in the lowest socio-
economic group aged >40 years had a
risk of 10.26 (95% CI 8.75-12.03) com-
pared with that of women aged 20-24
years residing the highest quartile of
SEIFA postcodes.

Women who had reported a previous
pregnancy of >20 weeks’ gestation had a
small but significantly reduced risk of
GDM in subsequent pregnancies. There
was nearly a 10% reduction in risk in
women who had a previous pregnancy
compared with that in women having
their first pregnancy. A similar small pro-
tective effect was also apparent among
women who had two or more previous
pregnancies (Table 1).

CONCLUSIONS — In this large, mul-
tiethnic, population-based study of nearly
1 million births over 11 years, we ob-
served that the incidence of GDM in-
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Figure 1—Annual crude and adjusted incidence of GDM, number of births, and annual median age of women. ®, crude incidence; B, age- and

ethnicity-adjusted incidence and 95% CI.

creased and the prevalence was strongly
correlated with socioeconomic status,
ethnicity, and maternal age. There was no
relationship with smoking and a small,
but significant, inverse relationship with
parity. This is the first large population
study to show a strong correlation be-
tween GDM and socioeconomic status.
The relationships between the risk of
GDM with maternal region of country of
birth and maternal age are in agreement
with other studies (5). Age and ethnic or
racial background have also been shown
to be strongly related to risk of type 2
diabetes in previous studies (12). Smok-
ing, parity, maternal body weight, and
family history of diabetes have also been
reported to be associated with GDM (5).
Maternal body weight and family history
were not available in this dataset.
Socioeconomic status, although well
established as a risk for obesity and type 2
diabetes, has been less well correlated
with GDM (13-15). The reported increas-
ing incidence of GDM, independent of
ethnicity, socioeconomic status, or mater-
nal age, has important public health im-
plications in terms of short-term adverse
pregnancy outcomes and long-term fu-
ture risk of type 2 diabetes and its associ-
ated morbidities in these women and

potential long-term morbidity in the
children.

Australia, like the U.S. and U.K_, hasa
large, diverse, and increasing immigrant
population. Previous descriptive studies
have shown an increased association be-
tween GDM and many ethnicities, with
women from Asian, African, and Hispanic
backgrounds being most at risk (5). Our
study supports these findings, and the
size of the immigrant population in NSW
allowed us to reliably compare the risks of
GDM for women born all over the world.
In the current study, women from across
Asia had an increased risk of GDM com-
pared with women born in Australia and
New Zealand. Asian Australians are also
found to have an increased risk for type 2
diabetes relative to Caucasian Australians
(12). Approximately 6% of Australia’s
population is composed of people born in
Asia, from where an increasing propor-
tion of new migrants will continue to ar-
rive, as well as from other regions where
our study shows women have a greater
risk of GDM, such as the Middle East and
Africa. However, it is likely our study has
underestimated the association of ethnic-
ity and GDM, as women born in Australia
of non-Caucasian backgrounds could not
be identified in our study. This group in-

cludes indigenous Australians, who are
also a group with a high risk for develop-
ing GDM (16).

The current study identified a strong
inverse association between socioeco-
nomic status and GDM. Lower socioeco-
nomic status is well recognized as a risk
for chronic disease in developed and de-
veloping countries (17). The association
between GDM and socioeconomic status
is less well established, with conflicting
results seen in previous studies. These
studies cannot easily be compared be-
cause of different definitions of socioeco-
nomic status, but three studies have used
indexes of relative deprivation of the area
of residence of the women as in the
present study. Two found no association
(14,18), and one showed that living in an
area of deprivation was positively associ-
ated with GDM (19). Other factors used
to determine socioeconomic status were
public or private health care sector (pub-
lic sector increased association with
GDM) (15), income, health insurance,
residential zip code (no association) (20),
education and current employment (in-
verse relationship, as in the present study)
(13). The strength of our study is the
number of births over rural and urban
sectors. Interestingly, the strong correla-
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Table 1—Total number of births, mean maternal age, prevalence of smoking, crude prevalence of GDM, and multivariate logistic regression
analysis OR for GDM, by risk factors, for all births 1995-2005

Mean age Crude prevalence Adjusted OR for

Risk factor n (% all births) (years) % smoking GDM (%) GDM (95% CI)*
Age-group

<20 years 42,752 (4.5) 18.8 43.2 1.2 0.60 (0.54-0.67)

20-24 yearst 152,150 (16.0) 23.0 205 1.8 1.00

25-29 years 289,635 (30.5) 27.8 17.4 2.9 1.68 (1.61-1.76)

30-34 years 299,743 (31.5) 32.3 12.4 4.2 2.53 (2.42-2.64)

35-39 years 139,582 (14.7) 36.8 11.7 6.4 3.97 (3.80-4.16)

>40 years 26,875 (2.8) 41.3 11.1 9.8 6.13 (5.79-6.49)
Region of country of birth

Australia and New Zealandt 715,200 (75.2) 2904 21.7 2.7 1.00

Northeast and Southeast Asia 84,497 (8.9) 31.6 2.0 9.4 3.24 (3.16-3.34)

Europe and North America 62,924 (6.6) 32.5 11.5 3.7 1.21(1.16-1.26)

Middle East and North Africa 38,005 (4.0) 29.0 8.9 6.4 2.40 (2.30-2.51)

South Asia 17,266 (1.8) 30.0 0.9 10.5 4.22 (4.01-4.44)

Pacific 16,763 (1.8) 30.1 9.9 8.2 2.94 (2.78-3.11)

Other Africa 8,281 (0.9) 31.6 5.6 4.4 1.62 (1.46-1.80)

Caribbean, Central and South America 7,811 (0.8) 31.0 6.2 53 1.82 (1.65-2.01)
Quatrtiles of socioeconomic status

1 (highest)t 237,488 (25.0) 32.2 7.5 3.1 1.00

2 230,825 (24.3) 299 15.8 4.1 1.54 (1.50-1.59)

3 240,633 (25.3) 28.7 22.4 4.0 1.74 (1.69-1.80)

4 (lowest) 241,801 (25.4) 28.2 25.7 3.9 1.65 (1.60-1.70)
Previous pregnancies >20 weeks

Nonet 391,766 (41.2) 28.1 153 3.4 1.00

1 321,035 (33.8) 30.3 15.9 3.7 0.90 (0.88-0.92)

=2 237,408 (25.0) 32.1 24.8 4.5 0.95 (0.93-0.98)

*Adjusted for all other variables in table. tReference category.

tion was maintained when the database
was stratified by region of country of birth
of the women, with each group showing a
very similar relationship between GDM
and socioeconomic status. For those
women born in regions with the highest
odds for GDM (all of Asia and the Pacific),
the socioeconomic status correlation was
not as evident as that for other women,
with only a 23-38% increased risk for
lower socioeconomic status (compared
with a risk of at least 55% in all other
women).

The large difference in adjusted ORs
between the highest and all lower socio-
economic status quartiles but small differ-
ence between the three lower quartiles
may be due to bias created by using the
SEIFA of the postcode of residence as our
socioeconomic indicator. It is unlikely
that women of low socioeconomic status
can afford to live in high socioeconomic
areas, whereas women of high income
and educational status may live in areas
with a lower SEIFA. Hence, the method-
ology we used may have clouded the re-
lationship with GDM risk among the
lower socioeconomic quartiles. Obesity
may also be a factor. The Australian Insti-

tute for Health and Welfare estimates that
women in the most disadvantaged socio-
economic group have double the rates of
obesity of those in the most advantaged
group (21), and obesity is a recognized
risk factor for GDM. The lack of data on
pregestational weight or BMI of women is
alimitation of this study but not unique to
studies reporting the association of socio-
economic status with GDM (14,18,20).
However, in those studies in which an ad-
justment for maternal weight was made,
the inverse association with socioeco-
nomic status was still evident (13,15,19).
Family history of diabetes has also been
reported to be associated with GDM,
though we were not able to include this
factor in the present study.

In clinical studies, parity has been de-
scribed as a risk factor for GDM (5). How-
ever, although epidemiological studies
have also demonstrated this relationship,
it may not persist after adjustment for
other risk factors such as age and obesity
(15). Our analysis showed a positive as-
sociation with parity in univariate analysis
that reversed to be a slight inverse associ-
ation with adjustment for age. This find-
ing suggests that there are additional

factors that influence the relationship be-
tween parity and GDM. One possibility is
that there is a large subgroup of women
who have fewer children but have a high
risk of GDM. Women with polycystic
ovary syndrome might be in this group, as
they comprise up to 10% of women of
reproductive age, are subfertile, and are
likely to develop GDM. There are indirect
data to support this hypothesis. Some
studies have shown that nulliparous
women are more likely to develop diabe-
tes than multiparous women, and, in-
deed, it has been postulated that
polycystic ovary syndrome contributes to
this effect (22).

During the years examined in the cur-
rent study, the crude incidence of GDM
increased each subsequent year. The me-
dian age of mothers also increased each
year, and after adjustment for age and
country of birth, the incidence of GDM
still increased by 45% over the 11-year
period. This increase may be caused by
other risk factors that we could not ac-
count for or may be partially due to vari-
ations in screening and reporting over the
11 years. Obesity is a major risk factor for
GDM but was not recorded in this dataset
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* 1.75(1.69-1.81) 4.35 (4.26 - 4.44)
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—— 2.41(2.15-2.71) 5.70 (5.22 - 6.18)
—_—— 2.10 (1.84 - 2.40) 5.05 (4.53 - 5.57)
7.61(7.26 - 7.95)
o 1.33(1.24 - 1.42) 9.62 (9.21 - 10.03)
- 1.45 (1.35 - 1.56) 10.37 (9.86 - 10.87)
- 1.49 (1.40 - 1.59) 10.58 (10.14 - 11.03]
8.40 (7.58 - 9.22)
— 1.38 (1.21 - 1.58) 11.20 (10.34 - 12.07;
—_— 1.37 (1.18 - 1.59) 11.07 (9.97 - 12.16)
—_—— 1.49 (1.28 - 1.73) 11.98 (10.72 - 13.23!
3.58 (3.06 - 4.10)
—— 1.64 (1.38 - 1.95) 5.64 (5.12 - 6.15)
. — 2.07 (1.75 - 2.44) 6.96 (6.47 - 7.45)
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I 1

Figure 2—OR for risk of GDM by socioeconomic status (SES) for each region of birth (determined by postcode). Reference group is SES 1 (highest
SES quartile; OR 1.0). 2, women living in areas in the second highest SES quartile; 3, women living in areas in the second lowest SES quartile;

4, women living in areas in the lowest SES quartile.
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and thus could not be included in our
analyses (5). There is an increasing prev-
alence of overweight and obesity in Aus-
tralia, as there is elsewhere in the world,
which is likely to contribute to the in-
crease in incidence of GDM. In the U.S.,
studies have detailed the increasing prev-
alence of GDM by up to 68% in a similar
period with no significant increase in
screening (23). Over the 11 years, there
would also have been an increase in Aus-
tralian-born women of non-Caucasian
ethnicities whose parents were born else-
where, and these could not be adjusted
for when our incidence was adjusted for
country of birth.

Universal screening for GDM is rec-
ommended in NSW, but there are no
published data on the actual screening
rates. There have been minor improve-
ments in screening over time. The greatest
increases in GDM incidence observed in
this study occurred between 1997 and
1998 and between 2001 and 2002. Pos-
sible contributors to the former may be
the publication of the Australasian Diabe-
tes in Pregnancy Society guidelines for
GDM in 1998, which strongly recom-
mended universal screening and may
have improved screening incidence (7).
Reporting became more accurate after the
MDC form redesign in 1998 (11), and a
subsequent study showed that the MDC
underestimated the incidence of GDM in
one area of NSW by ~1% (24). In 2002,
the Australian Diabetes, Obesity and Life-
style Study (AusDiab) study was pub-
lished, detailing the increasing prevalence
of type 2 diabetes in Australia (25). This
study raised awareness of diabetes and
may also have stimulated some increase in
screening and reporting of GDM in Aus-
tralia around that time.

The recent report on the outcomes of
hyperglycemia during pregnancy high-
lights that adverse outcomes occur where
there is suboptimal glucose control below
the cutoff for GDM (6). Therefore, we are
possibly underestimating the burden of
poor glycemic control. The Hyperglyce-
mia and Adverse Pregnancy Outcome
(HAPO) study did not use socioeconomic
status as a possible confounder for poor
pregnancy outcome. Clearly, a large-scale
study is required to determine the com-
bined impact of socioeconomic status and
BMI, as well as age, ethnicity, family his-
tory, and parity, on glycemic control dur-
ing pregnancy.

Globally, the increase in GDM paral-
lels the increase in type 2 diabetes in the
general population. In Australia, as for

many other developed countries, the me-
dian age of women having their first preg-
nancy is now >32 years, which equates to
the majority of pregnancies being at
higher risk of GDM. These women, as
well as those from lower socioeconomic
areas and from all immigrant and indige-
nous populations, must be targeted for
primary (where possible) and secondary
prevention of GDM to reduce its morbid-
ity and to reduce the prevalence or delay
the onset of type 2 diabetes.
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